Background: The Transmural Trauma Care Model (TTCM) is a refined post-clinical rehabilitation approach, in which a multidisciplinary hospital-based team guides a network of primary care physical therapists in the treatment of trauma patients. The objective of this study was to assess the effectiveness of the TTCM compared to regular care. Methods: A controlled-before-and-after study was performed in a level 1 trauma center. The TTCM includes four elements: 1) a multidisciplinary team at the outpatient clinic, 2) coordination and individual goal setting for each patient by this team, 3) a network of primary care physical therapists, 4) E-health support for transmural communication. Intervention group patients were prospectively followed (3, 6 and 9 months). The control group consisted of 4 clusters of patients who either had their first consultation at the outpatient clinic 0, 3, 6 or 9 months ago. Outcomes included generic-and disease-specific health-related quality of life (HR-QOL), pain, functional status, patient satisfaction, and perceived recovery. Between-group comparisons were made using linear regression analyses. The recovery pattern of intervention group patients was identified using longitudinal data analysis methods. Results: A total of 83 participants were included in the intervention group. In the control group, 202 participants were included (68 in the baseline cluster, 26 in the 3-month cluster, 51 in the 6-month cluster, 57 in the 9-month cluster). Between-group differences were statistically significant in favor of the intervention group for diseasespecific HR-QOL at 9 months, pain at 6 and 9 months, functional status at 6 and 9 months, patient satisfaction at 3, 6 and 9 months, and perceived recovery at 6 months. No significant differences were found between groups for generic HR-QOL at any time point. Generic HR-QOL, disease-specific HR-QOL, pain, and functional status significantly improved in a linear fashion among intervention group patients during the nine-month follow-up period.
Background
Traumatic injury-related mortality accounts for almost 10% of the global annual mortality. Moreover, major trauma accounts for the highest mortality rate among people under 40 years of age, compared to any other disease [1, 2] . As a consequence, traumatic injury is responsible for the highest loss of Disability-Adjusted Life Years (DALYs) worldwide. Each year, trauma costs the global population about 300 million years of healthy life, equaling 11% of DALYs lost [3] . Furthermore, in adults younger than 45 years, major trauma is the most important cause of long-term functional limitations [4] .
Many trauma patients have more than one fracture. Fractures, and those of the lower extremities in particular, significantly impact a patient's functional status and health-related quality of life (HR-QOL) [5, 6] . On top of that, the economic burden of trauma to society is extensive, for example, the societal cost of an operatively treated vertebral fracture was estimated at €66.000 per patient [7] . Furthermore, Fakhry et al. showed that trauma patients represent a significant and increasing institutional cost, of which ICU costs per trauma patient were the largest single category [8] . During the last decades, a significant decrease in mortality has been achieved among severe trauma patients through the optimization of pre-hospital and in-hospital trauma care [9] [10] [11] [12] . As further reductions in mortality rates are therefore expected to be trivial, the focus of trauma care has shifted from aiming to reduce mortality rates to aiming to improve trauma patients' HR-QOL and outcome [9] [10] [11] [12] . As a consequence, HR-QOL has become one of the most important outcome measures in studies among severely injured trauma patients [13, 14] , whereas relatively few studies have focused on measuring HR-QOL amongst mildly to moderately injured patients [15, 16] .
To further improve outcome and HR-QOL among mild, moderate, and severe trauma patients, increased attention is required for optimizing the rehabilitation process after in-hospital trauma care [17] [18] [19] . Research among other patient groups indicates that an improved organization of the post-clinical rehabilitation process can lead to better outcomes [20] [21] [22] . For example, a study in patients with Parkinson's disease indicates that a post-clinical care model in which rehabilitation is organized in a network of experienced and specialized healthcare providers results in better clinical outcomes and lower costs compared to regular care models [20] .
Furthermore, a feasibility study among patients with hip or knee osteoarthritis found a care model, in which primary care providers were guided by a clinical case manager, to significantly improve patients' outcome and HR-QOL [21] .
Given the above, we developed a new Transmural Trauma Care Model (TTCM) for trauma patients. The core of the TTCM is a continuous feedback loop, in which a multidisciplinary hospital-based team supervises a network of primary care physical therapists.
The aim of the current study is to assess the following research questions: 1) What is the effectiveness of the TTCM on HR-QOL (generic-and disease-specific), pain, functional status, patient satisfaction and perceived recovery, compared to regular care, in trauma patients with at least one fracture? 2) What is the recovery pattern of trauma patients receiving the TTCM, during the 9 month follow-up period, regarding HR-QOL (generic-and diseasespecific), pain and functional status?
Methods
The study protocol of the current study, with detailed descriptions of its design and methods, has been published elsewhere [23] . Alongside the present study (assessing the effectiveness of the TTCM), the cost-effectiveness of the TTCM was evaluated in an economic evaluation, of which the results were recently published [24] . Consequently, some parts of the method section below are overlapping with the aforementioned publications (i.e. patients, inclusion procedure, intervention-and control conditions and outcome measures). An abridged version of the earlier published study protocol, is presented below.
Design
A modified controlled-before-and-after study was conducted at the outpatient clinic for trauma patients of the Amsterdam UMC, Vrije Universiteit Amsterdam (VUmc), the Netherlands [23, 24] . In a true controlled-before-andafter study both study groups are prospectively followed [25] . However, in the present study, only the intervention group was prospectively followed, while control group data were collected cross-sectionally. From January to March 2014, control group data were collected among patients who received regular care. The control group consisted of 4 clusters of patients. The baseline, 3-month, 6-month, and 9-month clusters contained patients who had their first consultation at the outpatient clinic within 1 week ago, or 3 months ago, 6 months ago, and 9 months ago, respectively. All control group patients were only measured once at the time point that corresponds to the cluster they belong to.
From April to May 2014, the TTCM was implemented. Subsequently, intervention group participants were recruited from June 2014 to April 2015, after which they received care according to the TTCM. All intervention group patients were prospectively followed for 9 months with measurements at baseline and 3, 6 and 9 months after their first consultation at the outpatient clinic. A graphical representation of the study design can be found in Fig. 1 .
The medical ethics committee of the VUmc assessed the present study, and decided that the Dutch Medical Research Involving Human Subjects Act (WMO) was not applicable (registered under number 2013.454). All participants gave informed consent. The trial is registered at the Dutch Trial Register (NTR5474) and adheres to the CONSORT guideline.
Patients
Operatively and non-operatively treated trauma patients were included, regardless of whether or not they were admitted to the hospital. Eligible patients had to have at least one traumatic fracture (i.e. upper and lower extremity fractures, spinal fractures, hip fractures), had to be 18 years or older, had to rehabilitate in primary care and had to be able to fill out Dutch online questionnaires. Patients were excluded if they had non-traumatic (pathological) fractures, or traumatic brain injury, or cognitive limitations. Furthermore patients were excluded if their rehabilitation occurred in a clinical tertiary care setting, or if they lived more than 30 km away from the Amsterdam UMC, VUmc.
The recruitment procedure of potential participants took place as earlier described in the study protocol [23, 24] . Control group participants were selected from the central trauma registry of the trauma region "North West Netherlands". All sequential patients were contacted by telephone by one of the investigators and received information about the study's purpose and procedures. In-and exclusion criteria were verified by the principle investigator, after which patients were allocated to their respective cluster. Eligible patients who were willing and able to participate received an email inclosing a link to an online questionnaire. Clicking the link to the online questionnaire served as informed consent. A reminder email was send after 1 week and again after another week of non-responding. In case of patients not replying to both emails, one of the coordinating investigators contacted the patient by telephone.
Intervention group participants were identified during their first consultation at the outpatient clinic as described in the study protocol [23, 24] procedures by one of the investigators and in-and exclusion criteria were verified. Eligible patients who were willing and able to participate received an email inclosing a link to the first online questionnaire.
Clicking the link to the online questionnaire served as informed consent. A reminder email was send after 1 week and, if necessary, again after another week of non-responding. One of the coordinating investigators contacted the patient by telephone, in case of patient's not replying to both reminder emails. Then, patients were prospectively followed, with measurements at 3, 6, and 9 follow-up.
Intervention conditions
Pre-and in-hospital trauma care was similar for both study groups, the intervention phase started at the outpatient clinic for trauma patients.
The transmural trauma care model (TTCM)
Patients in the intervention group received care according to the TTCM. A detailed description of the TTCM can be found elsewhere [23, 24] . In brief, the TTCM consists of four main components:
1) A multidisciplinary team at the outpatient clinic for trauma patients. The team consists of a trauma surgeon and a trauma-specialized hospital-based physical therapist. The trauma surgeon evaluated the bone-and wound healing process. The physical therapist assessed physical function. 2) Coordination and individual goal setting for each patient by the multidisciplinary team. The hospitalbased team coordinated the patients' rehabilitation process in primary care by repeatedly defining individual goals in close cooperation with the patient. To supplement this process, 10 rehabilitation protocols were developed for the most common fractures (e.g. hip fractures, tibial plateau fractures). These protocols were customized for each individual patient by the hospital-based physical therapist, who acted as case manager throughout the rehabilitation process. 3) An educated and trained network of 40 specialized primary care physical therapists. This newly developed "VUmc trauma rehabilitation network" consisted of 40 specially trained, physical therapists, all of whom worked in a primary care private practice in the region of Amsterdam [26] . Patients in the intervention group were referred to one of these specialized trauma physical therapists. 4) Secure email traffic between the hospital-based physical therapist and the primary care physical therapist during the entire rehabilitation process. A secured email system, developed for healthcare professionals, was connected to both the electronic patient records of the hospital-based physical therapist and the primary care physical therapist.
Regular care
Patients in the control group received regular care, during which the trauma surgeon acted as the chief consultant. The trauma surgeon performed consultations at the outpatient clinic for trauma patients, and acted independent of other health care professionals. Based on the clinical judgment of the trauma surgeon, a patient could be referred to a primary care physical therapist, but there was no standardized policy for referral of control group patients. Throughout the patients' rehabilitation in primary care, there was hardly any contact between trauma surgeon and primary care physical therapists.
Outcome assessment
An overview of all outcome measurements is provided in Table 1 . Extensive details of the outcome measures can be found elsewhere [23, 24] .
Baseline characteristics
At baseline, various relevant demographic and traumarelated characteristics were measured (e.g. gender, age, medical history, ISS, the number of days between trauma and first outpatient consultation [TTO]). Baseline characteristics were collected using online questionnaires, supplemented by data derived from electronic patient records.
Primary outcome measure
The primary outcome measure was generic HR-QOL, assessed using the EQ-5D-3L [27] . The EQ-5D-3L consists of 5 questions covering 5 health dimensions (i.e. mobility, self-care, usual activities, pain/discomfort and anxiety/depression), all of which contain 3 severity levels. Using the Dutch tariff, the participants' EQ-5D-3L health states were converted into a utility score, anchored at 0 (dead) and 1 (optimal health).
Secondary outcome measures
Secondary outcome measures were disease-specific HR-QOL, pain, functional status, patient satisfaction and perceived recovery. Depending on the patients' specific injury type, disease-specific HR-QOL was measured using one of the following disease-specific function scales:
-The Quick Dash for patients with upper extremity fractures, consisting of 11 items, measuring physical function and symptoms on a five-point scale. The overall score ranges from 0 to 100 [28, 29] . -The Lower Extremity Functional Scale (LEFS) for patients with hip fractures or other lower extremity fractures. The LEFS is a 20-item questionnaire with 5 answering options. The overall score ranges from 0 to 80 [30, 31] . -The Roland Morris Disability Score (RMDS) for patients with vertebral fractures. The RMDS is a 24item questionnaire with 2 answering categories (yes/ no). The overall score ranges from 0 to 24 [32, 33] . -The Groningen Activity Restriction Scale (GARS)
for multi trauma patients. The GARS is an 18-item questionnaire with 4 response categories, measuring daily activities. The overall score ranges from 18 to 72 [34, 35] .
An overall disease-specific HR-QOL score (DSQOL-OA) was calculated by converting the total scores of the aforementioned questionnaires to a scale from 0 to 100. Higher scores indicated that patients experienced more functional problems [24] .
The Numeric Pain Rating Scale (NPRS) was used to measure pain. The NPRS is an 11-point scale ranging from 0 (no pain) to 10 (worst possible pain) [36] .
Functional status was measured using the Patient Specific Function Scale (PSFS) [37, 38] . Patients identified 3 important activities that they were having difficulty with. Per activity, they were asked to rate their present level of difficulty associated with each activity on a 0-100 mm Visual Analogue Scale (VAS) ranging from 0 ("able to perform activity at same level as before injury or problem") to 100 ("unable to perform activity"). The activity that was first mentioned by the participants, was used for statistical analysis.
Patient satisfaction was examined on an 11-point Numeric Rating Scale (NRS) ranging from 0 (very dissatisfied) to 10 (excellent). Three patient satisfaction components related to the TTCM were evaluated: 1) the over-all treatment, 2) treatment located at the outpatient clinic, 3) collaboration between the multidisciplinary team at the outpatient clinic and the primary care physical therapist.
Perceived recovery was examined using the Global Perceived Effect (GPE) scale. The GPE quantifies a patient's subjective improvement on a 7-item scale, ranging from "worse than ever" (1) to "completely recovered" (7) [39] . Success of treatment was achieved when a patient reported 6 or 7 points meaning respectively "much improved" or "completely recovered".
Data analysis
The current data analysis section is highly comparable to the version previously described in the study protocol [23] .
Descriptive statistics
Descriptive statistics were used to compare baseline characteristics between study groups.
Handling missing data
Missing data were imputed using Multiple Imputation by Chained Equations [40] . An imputation model was built, including variables predicting the outcomes, variables that are related to the "missingness" of data, and furthermore, all available midpoint and follow-up effect measure values [40] . Ten complete data sets were created in order for the loss-of-efficiency to be below 5% [41] . All of the imputed datasets were analysed separately as specified below. Rubin's rules were used to subsequently calculate Pooled estimates [41] .
Clinical effectiveness
The clinical effectiveness analyses contained two parts. First, linear regression analyses were used to investigate the effectiveness of the TTCM in terms of HR-QOL (genericand disease-specific), pain, functional status, patient satisfaction and perceived recovery compared with regular care at 3-, 6-and 9-months follow-up. For this purpose, three clusters of control patients (i.e. 3-month cluster, 6-month cluster, and 9-month cluster) were compared with the patients in the intervention group at the corresponding time points. Second, the recovery patterns of the intervention group patients for generic-and disease-specific HR-QOL, pain and functional status during the 9-month follow-up period was studied using GLM for repeated measures [42] . All analyses were adjusted for confounders if necessary (e.g. gender, fracture region, length of stay). Confounding was examined by adding the potential confounding variable to the crude models. If the regression coefficient changed by 
Results

Study participants
A total of 655 trauma patients were identified as being potentially eligible for participation in the control group. Of them, 453 patients were excluded for various reasons (e.g. did not provide informed consent (n = 134), not willing to participate (n = 105)). The remaining 202 patients were included in the control group, of which 68 in the baseline cluster, 26 in the 3-month cluster, 51 in the 6-month cluster, and 57 in the 9-month cluster ( Fig. 2a ).
For the intervention group, a total of 103 potentially eligible patients were identified, of whom 20 were eventually excluded for several reasons (e.g. did not provide informed consent (n = 9), did not have internet access (n = 2)). The remaining 83 patients were included as participants in the intervention group (Fig. 2b) . Baseline characteristics of participants in the four control group clusters and the intervention group are described in Table 2 . The majority of these characteristics were similar among participants. However, participants in the intervention group were younger, were more frequently admitted to the hospital, and had lower extremity fractures more often than their control group counterparts. 
Clinical effects
There were no relevant between-group differences in the dependent variable generic HR-QOL (primary outcome measure) at all measurement points (Table 3 ). However, the mean between-group difference in the dependent variable disease-specific HR-QOL was statistically significant in favor of the intervention group at 9 months (MD -7.96; 95% CI − 14.17 to − 1.75), but not at 3 and 6 months. Patients in the intervention group had statistically significant less pain at 6 (MD -0.87; 95% CI − 1.44 to − 0.29) and 9 months (MD -0.84; 95% CI − 1.38 to − 0.31) than their control group counterparts, but no difference in pain was found at 3 months. There was also a statistically significant difference in functional status favoring the intervention group at 6 months (MD -16.49; 95% CI − 24.39 to − 8.60) and 9 months (MD -20.68; 95% CI − 29.20 to − 12.16), but not at 3 months. Furthermore, participants in the intervention group were statistically significant more satisfied with their total treatment at 3 months (MD 0.77; 95% CI 0.13 to 1.42), but not at 6 and 9 months. At all of the time points, patients in the intervention group were statistically significant more satisfied with the collaboration between primary and secondary care (3 months = MD 1.61; 95% CI 0.72 to 2.51, 6 months = MD 1.78; 95% CI 1.03 to 2.53, and 9 months = MD 1.20; 95% CI 0.42 to 1.97). However, no statistically significant differences were found at any time point for patient satisfaction regarding the treatment at the outpatient clinic (Table 3) . Based on the Global Perceived Effect, 74.6, 78.3, and 84.6% of the intervention group patients were "completely recovered" or "much improved" at 3, 6, and 9 months, respectively. Of the control group patients, 53.8, 53.3 and 75% were "completely recovered" or "much improved" at these time points. At 6 months this effect was statistically significant (OR 3.35; 95% CI 1.32 to 8.49) ( Table 4 ).
Recovery pattern of patients in the intervention group
During the nine-month follow-up period, generic HR-QOL (F = 18.43; p = 0.000), disease-specific HR-QOL (F = 6.18; p = 0.001), pain (F = 17.16; p = 0.000), and functional status (F = 65.05; p = 0.000) statistically significantly improved in a linear fashion among intervention group patients (Fig. 3a, b, c and d ).
Discussion
Traumatic injury poses a substantial economic burden to society. However, little is currently known about how to optimally organize the post-clinical rehabilitation process of trauma patients. Therefore, the current study developed and evaluated the TTCM, the first transmural care model for the rehabilitation of trauma patients in primary care [9, 10, 23] .
Important study findings and comparison with the literature
Our results indicate that the TTCM statistically significantly improved disease-specific HR-QOL, pain, functional status, patient satisfaction and perceived recovery among mild, moderate and severe trauma patients. It is important to mention, however, that even though no statistically significant effects were found for generic HR-QOL, the identified mean difference can be regarded as clinically relevant at 6 months (MD 0.051; 95% CI − 0.02 to 0.12) and 9 months (MD 0.055; 95% CI − 0.01 to 0.12).
To illustrate, estimates of the minimal clinical important difference (MCID) for the EQ-5D range from 0.03 among patients with low back pain [43] to 0.52 in patients with recurrent lumbar stenosis [44] . In light of this finding it is also important to bear in mind that the current study was not powered to detect a clinically meaningful difference in generic HR-QOL due to its explorative nature.
Strengths and limitations
The present study population covers a broad range in trauma patients, with an ISS ranging from 4 to 43. This is an important strength, as the majority of studies only included major trauma patients with an ISS > 16 [4, 14, 45] . Since our study population includes mild, moderate and severely injured patients, the TTCM is likely to be effective in the entire group of trauma patients. However, future research is necessary to examine whether certain subgroups of trauma patients respond in different ways to the TTCM than others.
A second important strength of this study is its clinical relevance as well as the fact that it was the first to develop and evaluate a transmural care model for the postclinical rehabilitation of trauma patients. Other strengths include its use of a broad spectrum of measurement instruments, covering all domains of the International Classification of Functioning, Disability and Health (ICF) [46] , its use of validated questionnaires, as well as its pragmatic design (i.e. daily practice was resembled as much as possible).
The study also had some limitations. Even though the applied modified controlled-before-and-after design was regarded as the most optimal research design within the available resources, it is susceptible to many kinds of bias. Examples of such kinds of bias are selection bias, recall bias, regression to the mean, the Hawthorne effect, and repeat testing bias. Of them, selection bias is probably most likely, meaning that the study groups have a different composition regarding various etiological factors. A multicenter randomized controlled trial would therefore be the next step in order to study the TTCM's effectiveness more robustly. In spite of the fact the all participating trauma patients met the same inclusion criteria, we observed some baseline differences in age (intervention group patients were younger) and admission to hospital (75% of intervention group patients were admitted to the hospital, compared to 51% in control group). Based on the recommendations of de Boer et al. we decided not to statistically test baseline differences across study groups [47] . They postulate that statistically testing of baseline differences ignores the fact that the prognostic strength of a variable is also important when the interest is in e.g. adjustment for confounding. On top of that, our study was not powered to detect relevant differences at baseline, so possibly relevant differences may also turn out not to be statistically significant. Nonetheless, if we found the addition of a certain baseline variable to change the regression coefficient by more than 10%, they were added to the final models. Another potential limitation was the absence of a sample size calculation. We based the sample size on our estimate of the number of patients that could potentially be included within the time frame and financial constraints of this study. A sample size calculation is preferable in future research, to make sure that the study is not underpowered to detect clinically meaningful effect differences. Another limitation is the fact that we were not able to identify what components of the TTCM were responsible for the positive effects. To illustrate, the better functional outcomes could be the result of an improved communication strategy between the multidisciplinary hospital team and the primary care physical therapist. On the other hand, the better outcomes may have been the result of a better educated and more experienced network of primary care physical therapists. It would be interesting to identify the critical ingredient of this relatively complex intervention. One might also argue, however, that the sum is greater than the individual parts and therefore there is probably no such thing as a critical ingredient. Future research can possibly provide more insight into whether separate TTCM components are accountable for specific effects.
Conclusions
This study provides preliminary evidence that the TTCM is effective in improving patient-related outcome measures, such as disease-specific HR-QOL and functional status. A multicenter, and ideally randomized controlled trial, is required to confirm these results. 
